ABSTRACT -Local knowledge about irrigation management in yellow melon can promote higher precision to water supply for irrigation purposes, increasing productivity and reducing production costs. The aim of this study was to evaluate the effects of different irrigation depths for yellow melon production and on yield response factor to water (Ky) in the productive phase. The experiment was carried out in Fortaleza, state of Ceará, Brazil, in complete randomized blocks with six treatments, four replicates and six plants per plot. Treatments were applied from intermediate (III) to final (IV) physiological state with water depths equivalents to 25%, 50%, 75%, 100%, 125% and 150% of the crop evapotranspiration (ETc). Ky was calculated according to FAO-33 report methodology in the range from 25% to 100% ETc. The variables analyzed were number of fruits per plant, polar and equatorial diameters, fruit fresh weight, commercial yield, skin and pulp thickness, and soluble solids. Treatments influenced the number of fruits per plant, equatorial diameter, fruit fresh weight, commercial yield, and soluble solids. The best results were reached with commercial yield equal to 32.2 Mg ha -1 , 1.46 fruits per plant, equatorial diameter equal to 16.3 cm, fruit fresh weight equal to 2.3 kg and soluble solids equal to 12 ºBrix with 100.3% ETc in the productive phase. The crop was tolerant to water supply reduction on the productive phase (Ky < 1) through daily irrigation with controlled water deficit. Index terms: Cucumis melo, evapotranspiration, drip irrigation.
INTRODUCTION
Yellow melon (Cucumis melo L.) is the main horticulture exported by the state of Ceará (CAMPELO et al., 2014) . Regarding irrigation, water depth quantification is a fundamental parameter, since crop production can be impaired by water deficit or excess. Water deficit reduces the number of fruits (Mani, 2014) , commercial productivity (PIRES et al., 2013) , size, fresh weight (CAVALCANTI et al., 2015) and soluble solids (BAHADUR et al., 2011) of fruits. Water excess reduces size, fresh weight (CAVALCANTI et al., 2015) and soluble solids (SUASSUNA et al., 2011) of fruits, favors the loss of water and soil nutrients beyond the root zone (PIRES et al., 2013 , FIGUEIRÊDO et al., 2014 , increasing production costs.
In the melon cycle, the fruiting period, which goes from fruit fixation to maturation, is the period in which the highest water consumption occurs, and is therefore the most critical for irrigation. During this phase, problems related to irrigation management or to difficult-to-control climatic factors (excessive rains or prolonged droughts) may result in water stress and therefore may be decisive for crop production.
Experiments with water depths applied throughout the melon cycle (AL-MEFLEH et al., 2012; CAVALCANTI et al., 2015) or in part of it (SIMSEK; COMLEKCIOGLU, 2011) have shown distinct results. This divergence stems, among other factors, from irrigation management, the phenological phase of the crop and the edaphoclimatic variations of each region. This fact makes its generalization to other regions difficult and ratifies the relevance of local trials VALNIR JÚNIOR et al., 2013) .
In northeastern Brazil, due to the fact that there are marked rainfall irregularities and scarcity of water resources, the irrigation strategy must take into account possible deficient water supply to plants at any stage of plant cycle. In this context, knowledge of crop sensitivity to stress due to water deficiency is fundamental to reduce impacts on production (MIORINI et al., 2011) and on irrigation costs (ALI et al., 2007) . Experiments addressing this theme have shown positive results regarding melon tolerance to stress due to water scarcity (DOGAN et al., 2008; SHARMA et al., 2014) .
The crop response factor (Ky) is the coefficient used to indicate plant sensitivity to water deficit at any stage of its cycle. For this reason, it is often used in irrigation management. Bulletins 33 (DOORENBOS; KASSAM, 1979) and 66 (STEDUTO et al., 2012) of the United Nations Organization for Food and Agriculture do not have information on Ky for yellow melon. The few existing information (LEITE et al., 2014; SIMSEK; COMLEKCIOGLU, 2011) , although coinciding in the classification issue for indicating low crop sensitivity to water scarcity, greatly differs in numerical terms. This difference may come from regional diversity and management as well as from the phases evaluated (each one or all of them). explain that the discrepancy between Ky values in experiments is quite common in the most diverse cultures and conditions, and Steduto et al. (2012) recommend their experimental estimation under local conditions.
Due to the scarcity of information on irrigation of yellow melon during the productive period, intermediate (III) and final (IV) phenological phases, this study aimed to evaluate the effects of irrigation on fruit production and on the response factor (Ky) to controlled deficit irrigation under the edaphoclimatic conditions of the coast of Ceará.
MATERIAL AND METHODS
The work was carried out between October 23, 2009 and December 28, 2009 in the experimental area of the Federal University of Ceará, Fortaleza, Ceará (3º 44 'S, 38º 33' W and 19.50 m asl).
According to the Köppen classification, the climate of the region is Aw' type, tropical rainy, tropical savannah, with the driest period in the winter season and maximum rainfall in summer-fall. The data of the main agrometeorological variables during the experiment were representative of the region, since between the daily values of reference evapotranspiration estimated during the year 2009 and the estimated daily averages of a series of ten years, from 2001 to 2010, there was no difference at 5% probability by the Student's t-test (Figure 1) .
The physicochemical characteristics of the Red-Yellow Argisol (SANTOS et al., 2006) Allen et al. (2006) , with daily data from an automated weather station near the experimental area. Kc, adopted by Miranda and Bleicher (2001) , was 0.21 in phase I; from 0.21 to 1.21 in phase II (interpolated); 1.21 in phase III; and from 1.21 to 0.98 in phase IV (interpolated). Kr was estimated according to Keller and Karmeli (1974) , with the coverage factor of 10% up to 21 days after sowing (DAS), from 10 to 100% (interpolated) up to 40 DAS and 100% up to 66 DAS.
The crude irrigation depth was calculated by Equation 3, disregarding the need for leaching (leaching ratio less than 0.1). (3) where: LB is the crude irrigation depth (mm day -1 ); RT the irrigation shift (1 day); and EF is the water application efficiency (%).
EF of 85.5% was estimated with the product of uniformity coefficients of Christiansen (estimated in the experimental area at 0.95) and soil transmissivity (tabulated at 0.90) for arid climate, sandy texture soil and root depth less than 0.75 m, both determined by the methodology of Keller and Karmeli (1974) .
The irrigation time was calculated by means of Equation 4. The total water depth used to meet the water needs of yellow melon resulted from the sum of effective precipitation and liquid irrigation depth, since the crude irrigation depth only ensured its adequate application.
The water supply in the initial (I = 22 days) and growth phenological phases (II = 18 days) was based on 100% ETc. and non-self-compensating emitters (Azudline® model 160). Drip tapes were distributed in the field according to the spacing adopted for yellow melon, of 2.0 m between rows and 0.5 m between plants. Irrigation was carried out with one emitter per plant, with mean flow rate of 1.30 L h -1 at 75 kPa nominal pressure and application intensity of 1.3 mm h -1 . Hybrid 'Gold Mine' yellow melon was sown on October 23, 2009 on styrofoam trays containing Hortimix ® substrate and kept in a screen that allowed 50% shading for adequate germination. On October 28, 2009, when properly developed and uniform, seedlings were transplanted to beds (or ridges) of 3.0 m x 1.0 m x 0.20 m, which were manually raised with the soil of the arable layer according to the crop spacing. These beds were constructed with the purpose of improving the distribution of water applied near the root system of the plants.
A complete randomized block design with six treatments and four replicates was used. The plots of each treatment had four useful plants, because the first and the last plants were considered border plants. There were no borders plants between rows, since the spacing adopted, together with the survey of beds, did not allow interference between treatments. These were differentiated in the productive phase, phenological stages III and IV of yellow melon, with water depths referring to 25, 50, 75, 100, 125 and 150% crop evapotranspiration (ETc) applied at different irrigation times.
Irrigation management was based on simplified climatological water balance for the 24 h period (Equation 1).
LL = ETc -Pe
( 1) where: LL is the liquid irrigation depth (mm day -1 ); ETc is the crop evapotranspiration (mm day -1 ) of each treatment (Equation 2); and Pe is the effective rainfall (mm day -1 ).
where: EToPM is the reference evapotranspiration of Penman-Monteith (mm day -1 ); Kc is the cultivation coefficient (dimensionless); and Kr is the coverage coefficient (dimensionless).
Pe, estimated according to Smith (1992) , when above ETc, was considered excess water and, therefore, was not accumulated for irrigation on the following day (Pe ≤ ETc). EToPM was estimated DOI 10.1590/0100-29452016802
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The daily depths of each treatment were graphically compared with the available water capacity (CAD) and with the readily available water (AFD) in the soil to verify if plants were submitted to water stress conditions. CAD was calculated (CAD = [(cc -pmp) / 10] zd) at 6.92 mm, with gravimetric moisture data in the field capacity (cc = 3.64 g 100 g -1 ) and in the wilting point (pmp = 2.07 g 100 g -1 ), the effective root depth (z = 30 cm) and the specific weight (d = 1.47 g cm -3). AFD was daily estimated (AFD = CAD p) with depletion factor 'p' of yellow melon corrected for daily ETc, as proposed in the FAO Bulletin 56 (p = 0.45 + 0,04 (5 -ETc)) by Allen et al. (2006 (5, 12, 19, 26, 33, 40, 47, 54 and 61 days after sowing) with the same volume to maintain application uniformity in all plants. In the differentiation of treatments and only at 54 days after sowing, this management showed the need for irrigation of treatments 25% and 50% ETc, although Pe was above ETc. In this case, and because the excess water volume applied by fertigation was very low, it was not considered as liquid irrigation depth.
Treatments were manual weeding, spraying with insecticides and fungicides, branching, fruit turning and harvest (66 and 69 days after sowing). Only commercial fruits, in this case, those of intense yellow color with fresh weight between 0.60 and 2.80 kg, free of diseases and physical injuries, were harvested.
The variables analyzed were: number of fruits per plant, polar and equatorial diameters, fresh fruit weight, commercial productivity, skin and pulp thickness and soluble solids. In the analysis of polar and equatorial diameters, fresh fruit weight and commercial productivity, all commercial fruits from the useful area of plots were used. In the examination of skin and pulp thickness and soluble solids, two fruits from each plot were randomly selected.
The number of fruits per plant was obtained by the ratio between the total fruits produced in the useful area and the total plants in the respective useful area of each plot. The fresh weight of fruits was obtained with a precision electronic scale (0.01 g resolution), calculating the arithmetic mean for each plot. Commercial productivity was estimated from the fresh weight of fruits of plots for the area of one hectare. Polar (fruit length) and equatorial (fruit width) diameters were measured with a digital caliper (0.01 mm resolution), calculating the arithmetic mean for each plot. Using two fruits of each plot, skin and pulp thickness was measured using the caliper above, as well as soluble solids, with a portable digital refractometer (0.1% resolution). The mean data of variables were submitted to regression analysis of variance by the orthogonal polynomial method, testing linear and quadratic models.
Water productivity or water use efficiency in the productive phase was calculated by means of Equation 5. ); Y the commercial yield (Mg ha -1 ); and W is the total water depth in the productive phase (mm).
The response factor of yellow melon in the productive phase was calculated according to Equation 6 (DOORENBOS; KASSAM, 1979) . (6) where: Ky is the crop response factor (dimensionless); Yr is the actual yield (Mg ha -1 ); Ym is the maximum yield (Mg ha -1 ); ETr is the actual evapotranspiration in the productive phase (mm); and ETm is the maximum evapotranspiration in the productive phase (mm).
The evapotranspiration data used in Equation 6 were adapted, since the actual ETr and ETm values were not measured. Therefore, to estimate Ky, it was assumed that the maximum evapotranspiration values were estimated with 100% ETc treatment, and the actual values were estimated with 25%, 50% and 75% ETc treatments.
After calculating the individual Ky values for the interval of this experiment (25% to 100% ETc), Ky values were estimated for the interval proposed by FAO Bulletin 33 (50% to 100% ETc). To compose this interval, deficits of 50%, 60%, 70%, 80% and 90% ETc were selected. The corresponding total water depth and commercial yield values were estimated based on the polynomial regression equation obtained with the real commercial productivity vs. % ETc data IRRIGATION DEPTHS AND YIELD RESPONSE FACTOR ... for 25%, 50%, 75%, 100%, 125% and 150% ETc treatments. The maximum values (ETm and Ym) were considered as those of the optimal water depth estimated with this equation, and the actual values (ETr and Yr), as those estimated with percentages of 50%, 60%, 70%, 80% and 90% ETc .
The absolute Ky value for the entire deficit interval was considered as the angular coefficient of the regression equation, adjusted by the origin, between the relative yield drop (1 -Yr / Ym) and the relative evapotranspiration deficit (1 -ETr / ETm ) (BILIBIO et al., 2010) .
The sensitivity of the melon crop to water supply deficit was classified according to FAO Bulletins 33 (DOORENBOS; KASSAM, 1979) and 66 (STEDUTO et al., 2012) . According to FAO Bulletin 33, the crop may have 'low' sensitivity (Ky <0.85), 'low-intermediate' sensitivity (0.85 <Ky <1.00), 'intermediate-high' sensitivity (1.00 < Ky < 1.15) and 'high' sensitivity (Ky> 1.15). According to FAO Bulletin 66, the crop can be 'very sensitive' (Ky> 1), 'proportionally sensitive' (Ky = 1) and 'little sensitive' (Ky <1).
RESULTS AND DISCUSSION
The regression analysis of variance showed significant influence of water depths on the number of fruits per plant, equatorial diameter, fresh fruit weight, commercial productivity and soluble solids (Table 2 ). These variables presented the quadratic variation pattern validated by the determination coefficient using the Student's t-test (Figure 2) .
The highest amount of fruits produced (1.46 per plant) was estimated at the maximum point with total water depth of 172.7 mm or 107.2% ETc ( Figure  2A ). The remaining water depths, corresponding to 25%, 50%, 75%, 100%, 125% and 150% ETc treatments, reduced this value by 49.2%; 23.8%; 7.5%; 0.4%; 2.3%; and 13.4%, respectively.
In qualitative terms, the optimization of equatorial diameter (16.4 cm), fresh fruit weight (2.3 kg) and soluble solids (12.1 ° Brix) of fruits was calculated at the maximum point with the respective total water depths of 136.6 mm (84.7% ETc), 152.6 mm (94.7% ETc) and 139.5 mm (86.6% ETc) ( Figure  2B, 2C and 2D ). The relative reductions caused by 25%, 50%, 75%, 100%, 125% and 150% ETc treatments were, in that order, 10.4%; 3.5%; 0.3%; 0.7%; 4.7%; and 12.4% in equatorial diameter, 30.4%; 12.5%; 2.4%; 0.2%; 5.7%; and 19.1% in fresh fruit weight and 18.6%; 6.5%; 0.7%; 0.9%; 7.2%; and 19.7% in soluble solids.
The commercial yield was maximized (32.2
Mg ha -1 ) with 161.6 mm (100.3% ETc) ( Figure  2E ). With 25%, 50%, 75%, 100%, 125% and 150% ETc treatments, this value was reduced by 64.6%; 28.8%; 7.3%; 0.0%; 6.9%; and 28.1%, respectively. Considering commercial productivity as the most economically important variable, it could be said that the total water depth of 161.6 mm was the most adequate for irrigation management without water restriction. Using equations in Figure 2 , the commercial fruit yield is estimated at 32.2 Mg ha -1 and the number of fruits per plant is estimated at 1.46, with equatorial diameter of 16.3 cm, fresh weight of 2.3 kg and soluble solids of 12.0 º Brix. These characteristics, especially in relation to width and fresh weight of fruits, indicate their commercialization preferably in the domestic market.
The quadratic response of variables followed the biological logic, that is, from the smallest water depth to the maximum water requirement, the variables evaluated increased in value at positive rates but gradually decreased, reaching the zero rate at the maximum point. From there, with water depths higher than the optimum, the variables decreased at negative rates. In terms of magnitude, variables were more negatively affected by 25% and 150% ETc treatments, which should have enhanced the detrimental effects of the water deficit (25% ETc treatment) and excess water (150% ETc treatment). These effects, considering the low water availability capacity and the high infiltration rate of red-yellow argisols (OTTONI FILHO, 2003) , may have been direct in water deficit conditions, rapidly reducing the water availability in the root zone of plants, and indirect in excess water condition, increasing nutrient leaching below roots (Figure 3) . Figure 3 showed that the water depths of treatment with the highest water deficit, 25% ETc, were not sufficient to restore AFD. In this condition, according to Allen et al. (2006) , the plant undergoes stress because its absorption occurs at rates lower than those of the transpirational demand. Under this type of stress, the morphological processes of yellow melon are impaired (PEREIRA FILHO et al., 2015) , compromising production (SUASSUNA et al., 2011) . In 50% ETc treatment, the irrigation levels also affected the crop; however, in a slightly less severe way, because in only a few periods, the water applied did not replace AFD. This lower severity of the deleterious effects was more evident in 75% ETc treatment, since the water depths applied were almost always sufficient to restore AFD.
The complete replenishment of the water required by the crop, with 100% ETc, was responsible for the best soil water conditions, since in almost all DOI 10.1590/0100-29452016802
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Water depths of 125% and mainly 150% ETc treatments exceeded the field capacity during most of the experimental phase. In order to allow the drainage of excess water by gravity (Alen et al., 2006) in sandy soil, may have favored the leaching of nutrients (ZENG et al., 2014) , especially in weekly fertigation intervals. The adoption of high water depths in prolonged irrigation, with peaks over eight hours, should be cautious when fruits are not protected. In this work, some fruits that were close to emitters, those that presented rot, were not considered marketable, and were not included in the analyses.
According to results, it could be inferred that, if water is not a limiting factor, irrigation must fully restore the water needs of the crop to maximize commercial productivity. If otherwise, due to the occurrence of draughts, water must be supplied in a deficit way in order to optimize the water use efficiency and maintain production sustainability.
In the present work, this efficiency presented a cubic pattern with treatments ( Figure 4) .
The EUA maximization, estimated at 0.29 Mg ha -1 mm -1 with 72.9 mm water (45.2% ETc), was not interesting for the crop, as it reduced the maximum commercial yield by 34.6%. EUA values of 25% and 50% ETc treatments, although high, were also not convenient, since they substantially reduced the optimum yield of the crop.
The adoption of a more moderate water deficit, such as 75% ETc treatment, was the most advantageous, since this treatment, in addition to having provided high water use efficiency, caused the lowest reduction in maximum productivity. This indicates that the strategy of deficient irrigation in the productive phase with 75% ETc could be used daily in yellow melon with minimal impacts on production. In this regard, Ahmadi-Mirabad et al. (2014) and Al-Mefleh et al. (2012) have shown that deficit irrigations with 80% and 75% ETc, respectively, can be statistically compared to irrigations with 100% ETc.
In a condition of moderate stress, yellow melon can present a certain morphophysiological dynamism (reduction of transpiration and root expansion, e.g.) to adapt to water scarcity (KUSVURAN, 2012; SHARMA et al., 2014) . However, under extreme conditions, this adaptation may be limited by the scarcity of water availability. This could explain the drastic reduction of production with 25% ETc and the less severe reduction with 50% and, in particular, 75% ETc.
According to Table 3 , the decrease in commercial yield of yellow melon was less than proportional to the decrease in water use, since all Ky values were less than 1.
Ky values of 75%, 50% and 25% ETc treatments were 48%, 39% and 9% lower than the indicative limit of sensitivity. By mathematical optimization using linear regression (Ky = 0.8), this reduction reached 20% ( Figure 5A ).
In the deficit range recommended by FAO Bulletin 33, Ky values remained low (Table 4 ). The decrease in Ky value in the regression equation of Figure 5B was 33% greater than that of Figure 5A , because the treatment that most negatively affected the culture (25% ETc) was neglected.
The results obtained and estimated in this work by treatment or by linear regression, have indicated that the crop is tolerant ('low sensitive' or 'little sensitive') to prolonged daily irrigations with controlled reduction of water supply (Ky <1) (DOORENBOS; KASSAM, 1979; STEDUTO et al., 2012) . As explained by Lovelli et al. (2007) , plants that present reduced Ky restrict less their yield with water stress due to the greater water use efficiency (Figure 3) . Other experiments carried out under similar (LEITE et al., 2014) and different conditions (SIMSEK, COMLEKCIOGLU, 2011), confirm, due to the reduced Ky values, the high tolerance of yellow melon to water scarcity. IRRIGATION DEPTHS AND YIELD RESPONSE FACTOR ...
CONCLUSIONS
With no restriction to water application, yellow melon cultivated under the edaphoclimatic conditions of the coast of Ceará can be irrigated daily by low-flow drip tape with full replenishment of ETc in the productive phase to maximize fruit production.
If there is water use restriction and for being tolerant to water deficiency in the productive phase (Ky <1), daily irrigation strategies with controlled water deficit can be used.
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FIGURE 5 -Response factor to water deficit (Ky) of hybrid 'Gold Mine' yellow melon in the productive phase (phenological phases III and IV), for treatments with 25%, 50% and 75% ETc (A) and estimated at 50%, 60%, 70%, 80% and 90% ETc (B). ETc: crop evapotranspiration.
